Context. M31N 2015M31N -01a (or M31LRN 2015 is a red nova that erupted in January 2015 -the first event of this kind observed in M31 since 1988. Very few similar events have been confirmed as of 2015. Most of them are considered to be products of stellar mergers. Aims. Results of an extensive optical monitoring of the transient in the period January-March 2015 are presented. Methods. Eight optical telescopes were used for imaging. Spectra were obtained on BTA, GTC and the Rozhen 2m telescope.
Introduction
Red novae (or red transients) are a rare class of optical transients, reaching a peak luminosity equal to or higher than the brightest classical novae, but still lower than supernovae. Many of them are best explained by binary star mergers (Tylenda & Soker 2006) and therefore are often referred to as stellar mergers or "mergebursts" (Tylenda et al. 2011; Kochanek et al. 2014) . Common observational properties during the first months of the outburst are the initial slow decline and a spectrum changing towards a late-type supergiant phase with colors shifting to the red.
Modern observational history of these events goes back to 1988 when the transient M31-RV was detected by Rich et al. (1989) as an M0 supergiant variable with peak absolute M bol ∼ −10. A similar outburst in the Milky Way was observed in 1994 -V4332 Sgr changed its spectrum from K3 to M8-9 during a 3-month period (Martini et al. 1999) . The eruption of V838 Mon in February 2002 (Munari et al. 2002) reached an apparent magnitude of V=6.7 mag and was studied quite closely. The lightcurve showed three maxima and a consistent change of colors redwards as the spectrum reached an L supergiant phase at the end of the year (Evans et al. 2003) . The resulting circumstellar light echo was used to obtain a distance estimate of 6.1±0.6 kpc, corresponding to a peak absolute magnitude M V = −9.8 (Bond et al. 2003; Sparks et al. 2008) . A bright (peak M R ∼ −12) event, M85 OT2006-1, was reported by Kulkarni et al. (2007) . Like other red novae, it showed a narrow Hα emission, a temperature decrease and an infrared excess a few months after the eruption ).
V1309 Sco is another Milky Way red nova, discovered in 2008. Tylenda et al. (2011) have shown that the progenitor is a contact binary with a 1.4-day period, thereby adding a significant argument in favour of the stellar merger model for the cause of these outbursts.
It has been suggested that the first catalogued nova, CK Vul was also a "red transient" (Kaminski et al. 2015) . A possible red nova in M101 was reported by Goranskij et al. (2015) .
Article number, page 1 of 5 Here, we present a new addition to this class of objects, a red nova that erupted in M31 in Jan 2015. M31N 2015-01a was discovered by the MASTER-Kislovodsk auto-detection system on 2015 Jan 13 at ∼19.0 mag, unfiltered (Shumkov et al. 2015) . It was incorrectly identified as a classical nova by Kurtenkov et al. (2015a) based on a strong Hα emission on the Jan 16 spectrum, also reported by Hodgkin et al. (2015) . On Jan 15 the object showed the spectral characteristics of an F5 supergiant (Fabrika et al. 2015) . The transient became very bright, reaching a peak magnitude of R∼15.1 mag circa Jan 22. It then proceeded to fade slowly and consistently turned redder. At the end of February the colors had changed considerably with the spectrum resembling that of a K supergiant. Subsequently, we announced that the transient is a red nova (Kurtenkov et al. 2015b) . Our supposition that the overall spectral evolution of the object is very similar to the observed in V838 Mon was confirmed by Williams et al. (2015, Fig. 2) . The possible progenitor system has been discussed by Dong et al. (2015) and Williams et al. (2015) .
Observations and data reduction
We performed imaging of M31N 2015-01a in Johnson-Cousins BVRI filters (Table 1 ). The science frames were divided by flat fields after dark/bias subtraction.
Images of vastly different depths and FOVs were obtained. In order to do all the photometry in a similar manner, we used four bright reference stars, within 1.6
′ from the transient ( Table 2) . That way systematic effects over large FOVs are not affecting the results. This also allowed us to minimize the instrumental errors of the references. Three out of those four stars were used for each frame. Massey et al. (2006) found systematic differences of the order of 0.1 mag between their magnitudes and the ones by Magnier et al. (1992) , so we used the Massey catalog to recalibrate the BVRI magnitudes of the four references. Two images per filter and between 18 and 30 stars per image were used for the recalibration. The peak signals of the four reference stars on those images are within the linear range of the detector. The results are presented in Table 2 .
Aperture photometry was done for all individual frames. The aperture radii we used were in the range of 1-1.5 FWHM of the Gaussian profiles of point sources. The results are presented as online material in Table 4 . Only the mean JD and median magnitude are given where several consecutive images are available.
Spectra of M31N 2015-01a were obtained with three telescopes -the 6 m BTA at SAO RAS, the 10.4 m GTC at ORM and the 2 m RCC telescope at Rozhen NAO (Table 3 ). All the data reduction and calibrations were carried out with standard midas 1 (BTA) and iraf 2 (2m RCC and GTC) procedures. The BTA and the GTC spectra were calibrated in relative fluxes using spectrophotometric standards G191-B2B, Hiltner 600 and Hz 2 (Oke 1990; Hamuy et al. 1992 Hamuy et al. , 1994 .
Results and discussion

Astrometry
Astrometric calibrations were made using both the PPMXL (Roeser et al. 2010) 
Photometry
The light curve of M31N 2015-01a (Fig. 1) shows a distinct similarity to the V1309 Sco lightcurve during the first month of the outburst (Mason et al. 2010) . The Jan 21 datapoints are obtained shortly after the B-band and before the R-band maxima, so we assume that they coincide with the V-band maximum at 15.43 mag. The initial fading has been quite slow. The decline times by 2 mag after the maximum t 2 were ∼ 17 d, ∼ 40 d and ∼ 50 d in B, V and R-bands respectively. The colors have been consistently shifting to the red, e.g. B − R increased by 2.1 mag in the 31 days after the maximum. The R magnitude reached a plateau 0.6 mag below the maximum in ∼10 d, but no rebrightening followed, as was the case with V838 Mon. Figure 2 shows the change of colors. The color temperature initially increased and reached a peak 2-3 d before the R-band maximum. Afterwards it has consistently decreased as the B − R index increased by ∼2 mag in one month.
Spectroscopy
The aim of the FoReRo2 spectra of M31N 2015-01a obtained 5 and 4 days before the maximum was to confirm that the object is a nova. The only features in these spectra are the emission lines of Hα with equivalent widths 19 ± 1 Å and 17 ± 1 Å on Jan 16 and 17 respectively and a Na i doublet absorption. After a careful re-calibration of the wavelength scales (see Kurtenkov et al. 2015a ) the measured radial velocities of the Hα emission peaks are −365 km s −1 and −350 km s −1 . In good agreement with the velocity of ∼ −370 ± 50 km s −1 estimated by Fabrika et al. (2015) for the part of M31 where the object is located.
The first SCORPIO spectrum was obtained 6 days before the maximum brightness. The spectral region covered (4050-5850 Å) is dominated by absorption lines of ionized and neutral elements like Fe ii, Ti ii, Cr ii, Mg ii and Fe i. Hγ and Hδ are visible in absorption, while Hβ absorption is partially filled by an emission component. A comparison of the absorption line spectrum with the Jacoby et al. (1984) library of stellar spectra shows very close similarity with a F5I spectrum. The next SCORPIO spectrum obtained on Jan 21 more or less coincides with the brightness maximum. The absorption line spectrum remained practically the same. However, the continuum is much bluer (Fig. 3) showing a better resemblance with a F0I spectrum. We cross-correlated these two spectra with a F5I template and found a radial velocity for the pre-maximum spectrum −462 ± 38 km s −1 and −534 ± 14 km s −1 for the spectrum around brightness maximum (measured using the iraf fxcor package). The cross-correlation of the M31N 2015-01a spectra itself, confirms a velocity difference of 64 ± 13 km s −1 . Taking into consideration the velocity −370 km s −1 , connected with M31, we found that the heliocentric velocity of the ejected matter on Jan 15 was ∼ 90 km s −1 and increased to ∼160 km s −1 on Jan 21. One month after the maximum we obtained two additional SCORPIO spectra in consecutive nights and one OSIRIS spectrum two days later. At that time the V brightness of the star decreased by ∼1.5 mag and the colors drastically reddened. Correspondingly, the spectrum of M31N 2015-01a moved to the lower temperature classes. Now, the neutral elements absorptions dominate the spectrum together with weak TiO molecular bands. Among the strongest absorptions in the spectrum are the Na i doublet, Ba ii 6142 Å and 6497 Å Ca i 6573 Å confirmed by Williams et al. (2015) , and the near IR triplet of Ca ii. The Ca ii H & K lines are detected in emission. The strong Na i lines are well split in our OSIRIS spectrum. This allowed us to estimate their FWHM∼ 200 ± 15 km s −1 and their radial velocity to ∼ −570 ± 15 km s −1 . In good accordance with the velocity measured in all our February spectra of M31N 2015-01a (see below) and testifies to the stellar origin of these absorptions. In the OSIRIS spectrum Hα presents as a very weak emission divided in two components by a central absorption. In the SCORPIO spectrum only a marginal emission component can be seen. A comparison of the M31N 2015-01a spectrum about one month after the brightness maximum with the stellar spectra libraries of Jacoby et al. (1984) and Le Borgne et al. (2003) shows closest similarity with a K3-4I spectral type. Cross-correlating the February spectra with a K3I template we estimated an average velocity −588 ± 40 km s −1 , suggesting an increase of the ejected matter velocity to ∼220 km s −1 . The cross-correlation of the SCORPIO spectra with the OSIRIS one shows small velocity differences of 8.4 ± 6.6 km s −1 and −10 ± 14 km s −1 for Feb 21 and 22 respectively. All uncertainties are 1σ equivalent.
Using the task fitspec in the stsdas synphot 3 and template spectra from Jacoby et al. (1984) , Sánchez-Blázquez et al. (2006) and Le Borgne et al. (2003) we fitted our spectra in an attempt to estimate the reddening. Fitting the spectrum on Jan 15 with a F5I template we obtained a reddening E B−V = 0.37 mag. For the spectrum on Jan 21 fitted with a F0I template the corresponding E B−V was 0.33 mag. Merged spectra on Feb 21 and 22 and the spectrum on Feb 24 were best fitted with a K3I template and E B−V = 0.25 mag and E B−V = 0.42 mag respectively.
Combining the column hydrogen densities of Nieten et al. (2006) with the gas-to-dust (Nedialkov et al. 2011 ) ratio yields total color excess on the line of sight E B−V = 0.44 ± 0.08 mag. An identical result: E B−V = 0.42 ± 0.03 mag is derived from the maps of the M31 dust surface density (Draine et al. 2014) . A comparison of the B − V and V − R colors with the catalog com- Fig. 3 . BTA/SCORPIO spectra obtained with the VPHG1200B and G grisms. The Jan 21 spectrum is close to maximum brightness and arbitrary shifted to unity. The relative flux and shape of the Jan 15 and Feb 21 spectra reflect the evolution of the luminosity and the colors. piled by Worthey & Lee (2011) shows that the reddening E B−V is in the range of 0.15 − 0.58 mag. The mean reddening value, obtained from the spectra -E B−V = 0.35 ± 0.10 mag, of which ∼0.05 mag can be attributed to the interstellar reddening in our Galaxy (Schlafly & Finkbeiner 2011) , is well within this range. It suggests a true color of (B − V) 0 = 0.15 ± 0.10 mag and a Vband bolometric correction of +0.03 mag at maximum. Adopting a distance modulus (m − M) = 24.47 mag 4 and a total-toselective extinction R V = 3.1 yields a peak absolute magnitude M V = −10.13 ± 0.30 mag. This sets the luminosity limits at maximum on L bol = 8.7
Note, that M31N 2015-01a is projected inside a tiny (2 ′′ x2 ′′ ) HII region #1527 (Azimlu et al. 2011) . The latter list an extinction A R = 0.538 mag, which corresponds to the somewhat lower E B−V = 0.23 mag. An association with this HII region could decrease the luminosity estimate to ∼ 6 × 10 5 L ⊙ .
Summary
The outburst of M31N 2015-01a was a very luminous event, reaching ∼ 10 6 L ⊙ at the optical maximum. We present accurate photometry and astrometry in the period January-March 2015.
The transient shares all major observational characteristics of red novae and we conclude that it belongs to this group of events. The fading was slow at first with t 2 ∼ 50 d in R-band. In a onemonth period B − R increased by 2.1 mag and the observed spectral type changed from F0I to K3I. The exploration of red novae is so far based on a very small sample of sources, which makes M31N 2015-01a so important: it moves us a step closer to recognizing similarities and differences in their behaviour. 
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